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(57) Light-emitting compounds of general formula [1 J, 




[1J 



wherein each of A 1 to A 4 is a substituted or unsubstituted aryl group having 6 to 16 carbon atoms, and each of 
R 1 to R 8 is independently a hydrogen atom, a halogen atom, a substituted or unsubstituted alkyl group, a substituted or 
unsubstituted alkoxy group, a substituted or unsubstituted aryl group or a substituted or unsubstituted amino group, pro- 
vided that adjacent substituents may form an aryl ring useful as a light-emitting material in an organic electrolumines- 
^ cence device, and organic electroluminescence device containing them. 
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Description 



Field of the Invention 



5 The present invention relates to a light-emitting material for an organic electroluminescence device (to be sane- 

times referred to as "EL device" hereinafter) used as a fiat light source or a flat display device, and an EL device having 
a high brightness. 



Prior Art of the Invention 

10 

An EL device using an organic substance is overwhelmingly expected to be usable as a solid light-emitting inex- 
pensive large-screen, full-color display device, and devices are being developed in many ways. Generally, an EL device 
is composed of a light-emitting layer and a pair of mutually opposite electrodes sandwiching the light-emitting layer. 
Light emission is the following phenomenon. When an electric field is applied to these two electrodes, the cathode 
is injects electrons into the light-emitting layer and the anode injects holes into the light-emitting layer. When the electrons 
recombine with the holes in the light-emitting layer, their energy level shifts to a valence bond band to release energy 
as fluorescent light. 

As compared with inorganic EL devices, conventional organic EL devices require high voltage, and their light emis- 
sion brightness and light emission efficiency are low. Further, conventional organic EL devices deteriorate in properties 
20 to a great extent, and no organic EL device has been put to practical use.- 

There has been recently proposed an organic EL device which is produced by laminating a thin film containing an 
organic compound having a fluorescent quantum effect of emitting light at a low voltage as low as less than 10 V, and 
it attracts attention (Appl. Phy. Lett, Vol. 51. page 913, 1987). 

The above organic EL device has a light-emitting layer containing a metal chelate complex and a hole-injecting 
25 layer containing an amine-based compound, and emits green light having a high brightness. The above organic EL 
device achieves nearly practically usable performance, since it accomplishes a brightness of thousands cd/m 2 and a 
maximum light emission efficiency of 1 .5 Im/W when a direct current voltage of 6 or 7V is applied. 

However, conventional organic EL devices including the above organic EL device are not yet sufficient in brightness 
improved in brightness to some extent and their big problem is that they are insufficient in light emission stability in their 
30 continuous operation for a long period of time. It is because, for example, the metal chelate complex such as tris(8- 
hydroxyquinolinate)aluminum complex is chemically unstable when light is emitted by the application of an electric field 
and because the metal chelate complex is poor in adhesion to a cathode that the organic EL device immensely deteri- 
orates in the lig ht-emitting operation for a short time. For developing an organic EL device which has a higher light emis- 
sion brightness and high light emission efficiency and which has excellent stability in the continuous operation for a long 
35 period time, therefore. K is desired to develop a light-emitting material having the excellent light-emitting capability and 
durability. 



Summary of the Invention 



40 It is an object of the present invention to provide an organic EL device which is excellent in light emission brightness 
and light emission effect and which has excellent stability in the repeated operation for a bng period of time. 

According to the present invention, there is provided a light-emitting material of the following general formula [1] for 
an organic electroluminescence device, 
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[1] 



R 7 * 
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wherein each of A 1 to A 4 is a substituted or unsubstituted aryl group having 6 to 16 carbon atoms, and each of 
R 1 to R 8 is independently a hydrogen atom, a halogen atom, a substituted or unsubstituted alkyl group, a substituted or 
unsubstituted alkoxy group, a substituted or unsubstituted aryl group or a substituted or unsubstituted amino group, pro- 
vided that adjacent substituents may form an aryl ring. 
5 According to the present invention, further, there is provided a light-emitting material of the following general for- 
mula [2] for an organic electroluminescence device, 



10 



15 




wherein each of R 1 to R 28 is independently a hydrogen atom, a halogen atom, a substituted or unsubstituted 
alky) group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted aryl group or a substituted or 
unsubstituted amino group, provided that adjacent substituents of R 1 to R 4 or R 5 to R 8 may form an aryl ring. 
30 According to the present invention, further, there is provided a light-emitting material of the following general for- 
mula [3] for an organic electroluminescence device, 
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wherein each of R 1 to R 8 and R 29 to R 48 is independently a hydrogen atom, a halogen atom, a substituted or 
unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted aryl group or a 
substituted or unsubstituted amino group, and each of X 1 to X 4 is independently O, S, C=O f S0 2 , (CH^-CMChyy a 
substituted or unsubstituted aikylene group or a substituted or unsubstituted alicyclic residue, provided that each of x 
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and y is independently an integer of 0 to 20 and that x + y * 0 in no case, provided that adjacent substituents of R 1 to 
R 4 or R 5 to R 8 may form an aryl ring. 

According to the present invention, further, there is provided a light-emitting material of the following general for- 
mula [4] for an organic electroluminescence device, 

5 
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wherein each of R 1 to R 8 and R 29 to R 48 is independently a hydrogen atom, a halogen atom, a substituted or 
unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted aryl group or a 
30 substituted or unsubstituted amino group, and each of X 1 to X 4 is independently O, S, C=0. S0 2 , (CH^x-CMCH^ a 
substituted or unsubstituted alkylene group or a substituted or unsubstituted alicyclic residue, provided that each of x 
and y is independently an integer of 0 to 20 and that x + y = 0 in no case, provided that adjacent substituents of R 1 to 
R 4 or R 5 to R 8 may form an aryl ring. 

According to the present invention, further, there is provided a light-emitting material of the following general for- 
35 mula [5] for an organic electroluminescence device, 




wherein each of R 1 to R 8 and R 29 to R 48 is independently a hydrogen atom, a halogen atom, a substituted or 
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unsubstiiuted alkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted aryl group or a 
substituted or unsubstituted amino group, and each of Y 1 to Y 8 is independently a substituted or unsubstituted alkyl 
group having 1 to 20 carbon atoms or a substituted or unsubstituted aryl group having 6 to 16 carbon atoms, provided 
that adjacent substituents of R 1 to R 4 or R 5 to R 8 may form an aryl ring. 
5 Further, according to the present invention, there is provided an organic electroluminescence device obtained by 
forming a light-emitting layer or a plurality of thin organic compound layers including the light-emitting layer between a 
pair of electrodes which are an anode and a cathode, the light-emitting layer containing any one of the above light-emit- 
ting materials. 

Further, according to the present invention, the above organic electroluminescence device has a layer containing 
w an aromatic tertiary amine derivative or a phthalocyanine derivative, formed between the light-emitting layer and the 
anode. 

Further, according to the present invention, the above aromatic tertiary amine derivative has the following general 
formula [6J, 

15 B 2 B 3 

\ / 

N-Z-N [6] 
/ \ 
B l B 4 



25 wherein each of B 1 to B 4 is independently a substituted or unsubstituted aryl group having 6 to 1 6 carbon atoms, 

and Z is a substituted or unsubstituted arylene group. 

Further, according to the present invention, the above organic electroluminescence device has a layer containing 
a metal complex compound or a nitrogen-containing f ive-membered derivative, between the light-emitting layer and the 
cathode. 

30 Further, according to the present invention, the above metal complex compound has the following general formula 

in 
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40 



Q 1 
\ 



Ga-L 



[7] 



/ 



wherein each of Q 1 and Q 2 is independently a substituted or unsubstituted hydroxyquinoline derivative or a sub- 
stituted or unsubstituted hydroxybenzoquinoline derivative, and L is a ligand which is halogen atom, a substituted or 

45 unsubstituted alkyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted aryl group 
which may contain a nitrogen atom, -OR in which R is a hydrogen atom, a substituted or unsubstituted alkyl group, a 
substituted or unsubstituted cycloalkyl group or a substituted or unsubstituted aryl group which may contain a nitrogen 
atom, or -O-Ga-Q^Q 4 ) in which Q 3 and Q 4 have the same meanings as those of Q 1 and Q 2 . 

Further, according to the present invention, there is provided an organic electroluminescence device obtained by 

so forming a plurality of thin organic compound layers including a light-emitting layer between a pair of electrodes, wherein 
the tight-emitting layer contains any one of the above light-emitting materials, the device has an organic layer containing 
the compound of the general formula [6] between the light-emitting layer and the anode, and the device has an organic 
layer containing the compound of the general formula [7] between the light-emitting layer and the cathode. 

55 Detailed Description of the Invention 

In the compound of the general formula [1], each of A 1 to A 4 is a substituted or unsubstituted aryl group having 6 
to 1 6 carbon atoms. The substituted or unsubstituted aryl group having 6 to 1 6 carbon atoms includes phenyl, biphenyl. 
terphenyl, naphthyl. anthryl, phenanthryl, f luorenyi, pyrenyl, and these groups which may contain substituents which will 
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be specifically described later. In each of the general formulae [1] to [5], carbon atom(s) of the aryl group may be 
replaced with at least one of a nitrogen atom, an oxygen atom and a sulfur atom. Further, in the formula [1], a combi- 
nation of A 1 and A 2 may be an aryl group whose ring contains N in the general formula [1], or a combination of A 3 and 
A 4 may be an aryl group whose ring contains N in the general formula [1]. 

5 In the compounds of the general formulae [1] to [5J, each of R 1 to R 48 is independently a hydrogen atom, a halogen 

atom, a substituted or unsubstituted alkyt group, a substituted or unsubstituted alkoxy group, a substituted or unsubsti- 
tuted aryl group or a substituted or unsubstituted amino group. In each of R 1 to R 48 , carbon atom(s) of the aryl group 
may be replaced with at least one of a nitrogen atom, an oxygen atom and a sulfur atom. 

Specific examples of the substituents in A 1 to A 4 and specific examples of R 1 to R 48 are as follows. The halogen 

10 atom includes fluorine, chlorine, bromine and iodine. The substituted or unsubstituted alkyl group includes unsubsti- 
tuted alky! groups having 1 to 20 carbon atoms such as methyl, ethyl, propyl, butyl, sec-butyl, tert-butyl, pentyl. hexyi, 
heptyl. octyl and stearyl, and substituted alkyl groups having 1 to 20 carbon atoms such as 2-phenylisopropyl, trichio- 
romethyl, trifluoromethyl, benzyl, a-phenoxybenzyi, a,a-dimethylbenzyl, a.a-methylpherrylbenzyl, a.a-ditrrfluoromethyl- 
benzyi, triphenylmethyl and a-benzyloxybenzyl. The substituted or unsubstituted alkoxy group includes unsubstituted 

is alkoxy groups having 1 to 20 carbon atoms such as methoxy, ethoxy, propoxy, n-butoxy, t-butoxy, n-octyloxy and t-octy- 
loxy, and substituted alkoxy groups having 1 to 20 carbon atoms such as 1,1,1-tetrafluoroethoxy, phenoxy, benzyloxy 
and octylphenoxy. The substituted or unsubstituted aryl group includes substituted or unsubstituted aryl groups having 
6 to 18 carbon atoms such as phenyl, 2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 4-ethyiphenyl, biphenyl, 4- 
methylbiphenyl, 4-ethyIbiphenyl, 4-cyclohexylbiphenyl, terphenyl, 3,5-dichlorophenyl, naphthyl, 5-methyInaphthyl. 

20 anthryl, pyrenyl, and aryl groups whose carbon atom is replaced with a nitrog ) 
pyrrolyl, pyranyl, thiopyranyl. pyridinyl, thiazolyl. imidazolyl, pyrimidinyl, triazinyl, indolyl, quinolyl, purinyl and carbazolyl. 
The substituted or unsubstituted amino group includes amino, dialkylamino groups such as dimethytamino and diethyl- 
amino, phenytmetbylamino, diphenylamino, ditolylamino and dibenzylamino. Further, adjacent substituents (A 1 to A 4 
and R 1 to R 48 ) may form phenyl, naphthyl, anthryl or pyrenyl. 

25 In the compounds of the general formulae [3] and [4], each of X 1 to X 4 is independently O. S. C=0. S0 2 , (Chy*- 
O-CCHgJy a substituted or unsubstituted alkylene group or a substituted or unsubstituted alicyclic residue, provided that 
each of x and y is independently an integer of 0 to 20 and that x + y = 0 in no case. Substituents of the substituted 
alkylene group or the substituted alicyclic residue are those which are specified as R 1 to R 48 . The alkylene group of the 
substituted or unsubstituted alkylene group includes alkylene groups having 1 to 20 carbon atoms. The substituted 

30 alkylene group preferably includes 2-phenylisopropylene, dichloromethylene, difluoromethylene, benzylene, a-phe- 
noxybenzylene, a,a-dimethylben2ylene, a.a-methylphenylbenzytene, diphenylmethytene and a-benzyloxybenzylene. 
The substituted or unsubstituted alicyclic residue includes divalent alicyclic residues having 5 to 7 carbon atoms such 
as cyclopentyl, cyclohexyl, 4-methylcyclohexyl and cycloheptyl. 

In the compound of the general formula [5], each of Y 1 to Y 8 is independently a substituted or unsubstituted alkyl 

35 group having 1 to 20 carbon atoms or a substituted or unsubstituted aryl group having 6 to 16 carbon atoms. Specific 
examples of the substituted or unsubstituted alkyl group and the substituted or unsubstituted aryl group are those 
described concerning the above R 1 to R 48 

In the above compounds of the general formulae [1] to [5], the compounds of the formulae [3] to [5] which have sub- 
stituents each of which has an aromatic ring, or the compounds of the general formulae [1] to [5] in which adjacent sub- 

40 stituerrts indicated by R 1 to R 48 form aromatic rings, have increased glass transition points and melting points, and \ 
these compounds therefore show improved resistance (heat resistance) against Joule's heat generated in the organic 
layers, between the organic layers, or between the organic layer and the electrode of a metal. When the above com- 
pounds are used as a light-emitting material for an organic EL device, they exhibit a high light emission brightness and 
are advantageous in the continuous light-emitting operation for a long period of time. Examples of the above com- 

45 pounds of the general formulae [1] to [5] in which adjacent substituents indicated by R 1 to R 48 form aromatic rings are 
those in which R 1 and R 2 are mutually fused, R 3 and R 4 are mutually fused, R 5 and R 6 are mutually fused and R 7 and 
R 8 are mutually used, to form benzene rings, naphthalene rings, anthracene rings or pyrene rings. The compounds of 
the present invention shall not be limited to the above substituents. 

The compounds of the general formulae [1] to [5] are synthesized, for example, by the following method. 

50 9,10-Dihalogenoanthracene, an amine derivative which may have a substituted and potassium carbonate are 
allowed to react in a solvent in the presence of a catalyst, whereby the compounds of the general formulae [1] to [5] are 
synthesized. The anthracene derivative may be replaced with an anthraquinone derivative. The potassium carbonate 
may be replaced with sodium carbonate, potassium hydroxide, sodium hydroxide or aqueous ammonia. The catalyst is 
selected from a copper powder, a copper (I) chloride, tin, tin (II) chloride, pyridine, aluminum chloride or titanium tetra- 

55 chloride. The solvent is selected from benzene, toluene or xylene. The method of synthesizing the compounds of the 
general formula [11 to [5] shall not be limited to the above method. 

Specific examples of the compounds of the general formula [1] to [5] are shown in Table 1 . while the compounds of 
the general formula [1] to [5] shall not be limited thereto. 
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Table 1 
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Table 1 (continued) 
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Table 1 (continued) 
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Table 1 (continued) 
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Table 1 (continued) 
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Table 1 (continued) 
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Table 1 (continued) 
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1 (continued) 




45 

The compounds of the general formula [1] to [5], provided by the present invention, have intense fluorescence and 
are excellent in light emission when an electric field is applied. Further, the compounds of the general formula [1] to [5] 
can be effectively used as light-emitting materials since they have the excellent capability of being injected with, and 
transporting, holes from an electrode of a metal, and have the excellent capability of being injected with, and transport- 
so ing, electrons from an electrode of a metal. Moreover, each of the compounds of the general formula [1] to [5] may be 
used in combination with other hole-transporting material, other electron-transporting material or other dopant. 

The organic EL device is classified into an organic EL device of one layer type which has one organic thin layer 
between an anode and a cathode and an organic EL device of a multi-layer type which has a plurality of organic thin 
layers between an anode and a cathode. When the organic EL device is a mono-layer type, it has a light-emitting layer 
55 between an anode and a cathode. The light-emitting layer contains a light-emitting material. For transporting holes 
injected from the anode to the light-emitting material or transporting electrons injected from the cathode to the light- 
emitting material, the light-emitting layer may further contain a hole-injecting material or an electron-injecting material. 
However, each of the light-emitting materials of the present invention alone can be used for forming a light-emitting 
layer, since they have all of a very high light-emitting quantum efficiency, a very high hole-injecting and hole-transporting 
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capability and a high electron-injecting and electron-transporting capability, and are formable into a thin layer. For exam- 
ple, the organic EL device of a multi-layer type has a layer structure such as anode/hole-injecting layer/light-emitting 
layer/cathode, anode/light-emitting layer/electron-injecting layer/cathode, or anode/hole-injecting layer/light-emitting 
layer/electron-injecting layer/cathode. Each of the compounds of the general formula [1] to [5] can be used as a light- 

5 emitting material in the light-emitting layer since they have high light emission properties and the properties of injecting 
and transporting holes and injecting and transporting electrons. 

The light-emitting layer may contain a known light-emitting material, a known dopant, a known hole-injecting mate- 
rial and a known electron-injecting material as required in combination with any one of the compounds of the general 
formula [1] to [5J. A multi-layer structure of the organic EL device can serve to prevent quenching from degrading the 

io brightness and the device life. A light-emitting material, a dopant, a hole-injecting material and an electron-injecting 
material may be used in combination as required. Further, some dopants improve the brightness and efficiency in light 
emission, and serve to obtain light emission in red or blue. Further, each of the hole-injecting layer, the light-emitting 
layer and electron-injecting layer may have a structure of at least two layers. For example, when the hole-injecting layer 
has a structure of two layers, a layer into which holes are injected from an electrode will be referred to as "hole-injecting 

is layer", and a layer which receives holes from the "hole-injecting layer" and transports the holes to the light-emitting layer 
will be referred to as "hole-transporting layer". Similarly, when the electron-injecting layer has a structure of two layers, 
a layer into which electrons are injected from an electrode will be referred to as "electron-injecting layer", and a layer 
which receives electrons from the "electron-injecting layer" and transports the electrons to the light-emitting layer will be 
referred to as "electron-transporting layer". Materials for these layers are selected depending upon factors such as their 

20 energy level.heat resistance and adhesion to other organic layer or an electrode of a metal- 

The light-emitting material or the doping material used in combination with the compounds of the general formula 
[1] to [51 includes anthracene, naphthalene, phenanthrene, pyrene, tetracene, coronene. fluorescein, perylene, phtha- 
loperylene. naphthaloperylene, perinone. naphthaloperinone, diphenylbutadiene, tetraphenylbutadiene, coumarine, 
oxadiazole, aldazine, bisbenzoxazoline, bisstyryl, pyrazine, cyclopentadiene, quinoline metal complex, aminoquinoline 

25 metal complex, benzoquinoline metal complex, imine. diphenylethylene, vinyl anthracene, diaminocarbazole, pyrane, 
thiopyrane. polymethine, merocyanine. an imidazole-chelated oxynoid compound, quinacridone, rubrene and fluores- 
cence dyes, although the above materials shall not be limited to these. 

TTie doping material has a high fluorescence intensity when ft is in the state of a tow concentration, and it has a 
decreased fluorescence intensity when it is in the state of a high concentration, particularly, in the state of a solid. Light 

30 emission is therefore effectively achieved by incorporating a low concentration of the doping material into a fluores- 
cence material as a host, and it can be therefore expected to increase the light emission efficiency. Further, some dop- 
ing materials can be used for shifting the light color from the fluorescence color of a host material to the fluorescence 
color of a doping mateirial on the baas of the energy shift from the host material. 

Although differing depending upon a host material used, the amount of the doping material is 0.0001 to 50 % by 

35 weight, preferably 0.001 to 5 % by weight 

The hole-injecting material is selected from compounds which are capable of transporting holes, receiving holes 
from an anode, injecting the holes into the light-emitting layer or a light-emitting material, preventing the movement of 
excitons generated in the light-emitting layer into the electron-injecting layer or the electron-injecting material and form- 
ing a thin film. Specifically, the above hole-injecting material includes a phthalocyanine derivative, a naphthalocyanine 

40 derivative, a porphyrin derivative, oxazole, oxadiazole, triazole, imidazole, imidazolone, imidazorthione. pyrazoline, 
pyrazolone, tetrahydroimidazole. hydrazone, acylhydrazone, polyarylalkane. stilbene, butadiene, benzidine type triphe- 
nylamine, styrylamine type triphenylamine, diamine type triphenylamine, derivatives of these, and polymer materials 
such as polyvinylcarbazole, polysilane and an electrically conductive polymer, although the above hole-injecting mate- 
rial shall not be limited to these. 

45 In the hole-injecting material that can be used for the organic EL device of the present invention, more effective are 
aromatic tertiary amine derivatives or phthalocyanine derivatives. Specific examples thereof include triphenylamine, tri- 
tolylamine, tolylcfiphenylamine, N.N'^liphenyl-N.lvr-CS-methylphenylJ-I.V-biphenyl^^^amine, N,N,N\N'-(4-methyl- 
phenyQI.V-phenyl-M'-diamine. N,N,N , ,N , -(4-methylphenyl)-1 ( 1 , -biphenyl-4,4 , -diamine. N.N'-diphenyl-N.N'-dinaphthyl- 
1.1 , -biphenyl-4.4 , -diamine. N,N^niethylphenyO-N,N , -(4-n-butylphenyO-phenatrirene-9,10-dimaine, N,N-bis(4-di-4- 

so tolylaminophenyl)-4-phenyl-cycIohexane. and oligomers or polymers having an aromatic tertiary amine skeleton 
thereof. 

In the compound of the general formula [6] in the present invention, B 1 to B 4 is independently a substituted or 
unsubstituted aryl group having 6 to 1 6 carbon atoms. Specific examaples of B 1 to B 4 include aromatic ring groups such 
as phenyl, biphenyl, terphenyl, naphthyl, anthryl, phenanthryl, f luorenyl and pyrenyl, and these aromatic ring groups 
55 may contain a substituent Carbon atom(s) of the above aryl group may be replaced with at least one of N, O and S 
atoms. In the aryl group, a combination of B 1 and B 2 or a combination of B 3 and B 4 may form a ring including N in the 
general formula [6]. Examples of the aryl groups whose carbon atom is replaced with a nitrogen atom, etc., include f ura- 
nyl, thiophenyl. pyrrolyl, pyranyl. thiopyranyl, pyridyl. thiazolyl, imidazolyl, pyrimidinyl. triazinyl, indolyl, quinolyl, purinyl 
and carbazolyl. Z is a divalent arylene group. Examples of the arylene group includes divalent aromatic ring groups 
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such as pherrylene, biphenylene, terphenylene, naphthylene, anthrylene. phenanthrylene, f tourenylene and pyrenylene 
groups. The above arylene groups may have the same substitutents as R 1 to R 48 in arbitrary sites. Typical examples of 
the general formula [6] and other compounds which are more effective hole-injecting materials are shown in Table 2, 
while the present invention shall not be limited to these examples. 

Table 2 
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Chemical structure 
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Table 2 (continued) 
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Table 2 (continued) 
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Table 2 (continued) 
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Chemical structure 
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Table 2 (continued) 



Compound 


Chemical structure | 
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6 c6 



Examples of the phthalocyanine (Pc) derivative include H 2 Pc. CuPc. CoPc, NiPc, ZnPc, PdPc, FePc, MnPc. CIA- 
IPc. CIGaPc, CHnPc. CISnPc, CI 2 SiPc. (HO)AlPc, (HO)CaPc. VOPc. TiOPc, MoOPc, GaPc-O-CaPc and naphthalocy- 
anine derivatives in which the phthalocyanine skeletons of the above phthalocyanine derivatives are replaced with 
naphthalocyanine skeletons, while the phthalocyanine derivative shall not be limited to these. 

The electron-injecting material is selected from compounds which are capable of transporting electrons, receiving 
electrons from a cathode, injecting the electrons into the light-emitting layer or a light-emitting material, preventing the 
movement of excitons generated in the light-emitting layer into the hole-injecting layer or the hole-injecting material and 
forming a thin film. For example, the above electron-injecting material includes fluorenone. anthraquinodimethane, 
diphenoquinone, thiopyran dioxide, oxazole, oxadiazole, triazole, imidazole, perylenetetracarboxylic acid, f luorenyliden- 
emethane. anthraquinodimethane, anthrone and derivatives of these, while the electron-injecting material shall not be 
limited to these. Further, the hole-transporting material may be sensitivity-increased by incorporating an electron- 
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accepting material, and the electron-injecting material may be sensitivity-increased by incorporating an electron-donat- 
ing material. 

In the organic EL device of the present invention, the following metal complex compounds or nitrogen-containing 
f ive-membered derivatives are more effective electron-injecting materials. Specific examples of the metal complex com- 
pounds include lithiium 8-hydroxyquinofinate. zinc bis(8-hydroxyquinolinate), copper bis(8-hydraxyquinolinate), manga- 
nese bis(84iydroxyquinolinate). aluminum tris(8-hydroxyquinoiinate). aluminum tris(2-methyl-(8-hydroxyquinolinate), 
gallium tris(8-hydroxyquinofinate), beryllium bis(10-hydroxybenzo[h]quinolinate), zinc bis(1 0-hydroxybenzo[h]quinoii- 
nate), chlorogallium bis(2-methyl-8-quino!inate) t gallium bis(2-methyl-8-quinolinate)(o-cresolate). aluminum bis(2- 
methyl-8-quinolinate)(1-naphtholate), and gallium bis(2-methyl-8-quinoIinate)(2-naphthoIate). while the metal complex 
compounds shall not be limited to these. The nitrogen-containing f ive-membered derivatives are preferably oxazole. thi- 
azole. oxadiazole, thiadiazole and trizole derivatives. Specific examples thereof include 2,5-bis(1-phenyl)-1.3,4-oxa- 
zole, dimethyl POPOP. 2,5-bis(1 -phenyl)-!, 3,4-thiazole. 2,5-bis(1-pheny)-1,3,4-oxadiazole. 2-(4 , -tert-butylpheny!)-5- 
(4 n -biphenyl)1 ,3,4-oxadiazole, 2,5-bis(1 -naphthyl)-1 ,3,4-oxadiazole, 1 ,4-bis[2-(5-phenyloxadiazolyl)]benzene, 1 ,4- 
bis[2-(5-phenyloxadiazoly0-4-tert-butylbenzene] i 2-(4 , -tert-butylphenyl)-5-(4 ,, -biphenyO-2,3Athiadiazole f 2,5-bis(1- 
naphthyl)-t ,3,4-thiadiazoie, 1 ,4-bis[2-(5-phenylthiadiazoIyl)]benzene, 2-(4 , -tert-butylphenyl)«5-(4 B -biphenyl)-1 ,3,4-tria- 
zole, 2,5-bis(1-naphthyl)-1 ,3,4-triazoie, and 1 ,4-bis[2-(5-phenyltriazalyl)]benzene, while the above derivatives shall not 
be limited to these. 

In the organic EL device of the present invention, the compound of the general formula [7] is a more effective elec- 
tron-injecting material. In the general formula [7], each of Q 1 and Q 2 is independently a hydroxyquinone derivative such 
as 8-h^r<^uinoline, 8-hydrcocyquinaldine, 8-hydroxy-2-phenylquinoline, S^hydroxy^S^methylquinoline.-S-hydroxy- 
3,5,7-tr'rfluoroquinoline. L is a halogen atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted 
cydoalkyl group, a substituted or unsubstituted aryl group which may contain a nitrogen atom, -OR in which R is a 
hydrogen atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted cydoalkyl group or a substi- 
tuted or unsubstituted aryl group which may contain a nitrogen atom, or -0-Ga-Q 3 (Q 4 ) in which Q 3 and Q 4 have the 
same meanings as those of Q 1 and Q 2 . The above halogen atom, alkyl group, cydoalkyl group, aryl group whose ring 
may contain a nitrogen atom, and the alkyl group, cydoalkyl group and aryl group whose ring may contain a nitrogen 
atom are those described concerning the general formulae [1] to [5]. 

Typical examples of the compound of the general formula [7] and typical examples of the electron-injecting material 
used in the present invention will be shown in the following Table 3, while the above compound and the above material 
shall not be limited to these. 
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Table 3 



Compound 


Chemical structure 
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Table 3 (continued) 



Compound 


Chemical structure j 


B- 5 


\ CHj / 3 


D — G 
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Table 3 (continued) 



Compound 


Chemical structure 
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Table 3 (continued) 


jCompound 


Chemical structure j 
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Table 3 (continued) 



Compound 


Chemical structure 


B-2 1 




B - 2 2 




B — 2 3 




B— 2 4 


CH3 N N 

6 



In the organic EL device of the present invention, the light-emitting layer may containing at least one of other light- 
emitting material, dopant, hole-injecting or hole-transporting material and electron-injecting or electron-transporting 
material in combination with any one of the compounds of the general formulae [1] to [5J. For improving the organic EL 
device of the present invention in the stability against temperature, humidity and ambient atmosphere, a protective layer 
may be formed on the surface of the device, or the device as a whole may be sealed with a silicone oil. a resin, or the 
like. 

The electrically conductive material used for the anode of the organic EL device is preferably selected from those 
materials having a work function of greater than 4 eV. This electrically conductive material includes carbon, aluminum, 
vanadium, iron, cobalt nickel, tungsten, silver, gold, platinum, palladium, alloys of these, metal oxides such as tin oxide 
and indium oxide used for ITO substrates or NESA substrates, and organic electrically conductive resins such as poly- 
thiophene and polypyrrole. 

The electrically conductive material used for the cathode is preferably selected from those having a work function 



30 



EP 0 765 106 A2 



of smaller than 4 eV. This electrically conductive material includes magnesium, calcium, tin, lead, titanium, yttrium, lith- 
ium, ruthenium, manganese, aluminum and alloys of these, while it shall not be limited to these. Typical examples of the 
alloys include magnesium/silver, magnesium/indium and lithium/aluminum, while the alloys shall not be limited to these. 
The metal ratio of the alloy is property selected depending upon the temperature of a deposition source, atmosphere 

5 and the degree of vacuum. Each of the anode and the cathode may have a structure of at least two layers as required. 
For the effective light emission of the organic EL device, at least one of the electrodes is desirably transparent in 
the light emission wavelength region of the device. Further, the substrate is desirably transparent. The transparent elec- 
trode is produced from the above electrically conductive material by a deposition method or a sputtering method such 
that a predetermined transparency is secured. The electrode which forms a light emission surface preferably has a light 

10 transm'rttance of at least 10%. The substrate is not specially limited if it has adequate mechanical and thermal strength 
and is transparent For example, it is selected from transparent resin substrates such as a glass substrate, a polyethyl- 
ene substrate, a polyethylene terephthalate substrate, a polyether sulfone substrate and a polypropylene substrata 

Each of the layers forming the organic EL device of the present invention can be formed by any one of dry film form- 
ing methods such as a vacuum deposition method, a sputtering method, a plasma method and an ion plating method 

75 and wet film forming methods such as a spin coating method, a dipping method and a flow coating method. The thick- 
ness of each layer is not specially limited, while each layer is required to have a proper thickness. When the layer thick- 
ness is too large, inefficiently, a high voltage is required to achieve predetermined emission of light When the layer 
thickness is too small, the layer is liable to have a pinhole, eta, so that sufficient light emission brightness is hard to 
obtain when an electric field is applied. Generally, the thickness of each layer is preferably in the range of from 5 nm to 

) 20 10 uiivmore preferably 10 nm to 0.2 um— . ._. _ _ 

In the wet film forming method, a material for forming an intended layer is dissolved or dispersed in a proper sol- 
vent, and a thin film is formed from the solution or dispersion. The solvent is selected from chloroform, tetrahydrofuran 
and dioxane, while the solvent shall not be limited to these. For improving the film formability and preventing the occur- 
rence of pinholes, the above solution or dispersion for forming the layer may contain a proper resin and a proper addi- 

25 tive. The resin suitable for use in the present invention includes insulating resins such as polystyrene, polycarbonate, 
polyarylate. polyester, polyamide, polyurethane, polysulfone. polymethyl methacrylate. polymethyl acrylate and cellu- 
lose, copolymers of these, photoconductive resins such as poly-N-vinylcarbozole and polysflane, and electrically con- 
ductive resins such as polythiophene and pofypyrrole. The above additive includes an antioxidant, an ultraviolet 
absorbent and a plasticizer. 

so When the light-emitting layer of the organic EL device is formed of the compound of the present invention, and 
when organic EL device has a specific hole-injecting layer or electron-injecting layer in combination, the organic EL 
device is improved in properties such as light emission efficiency, maximum light emission brightness. Further, the 
organic EL device is highly stable against heat and electric current, and further it gives practically usable light emission 
brightness at a low actuation voltage, so that the deterioration of the device, a vital problem of prior art devices, can be 

35 remarkably decreased. 

The organic EL device of the present invention can be applied to a flat panel display of a wall-mountable TV set, a 
flat light-emitter, a light source for a copying machine or a printer, a light source for a liquid crystal display or a counter, 
a display board and a sign lamp. The organic EL device of the present invention is therefore greatly industrially valuable. 
Further, the materials of the present invention can be also used in the fields of an organic EL device, an electro- 
) 40 photographic photoreceptor, a photoelectric converter, a solar cell and an image sensor. 

Examples 

The present invention will be explained with reference to Examples hereinafter, in which "%" stands for "% by 
45 weight" and "part" stands for "part by weight". 

Method of Synthesis of Compound (1) 

1 0 Parts of anthraquinone, 35 parts of diphenylamine and 1 5 parts of pyridine were added to 200 parts of benzene, 
so and 40 parts of titanium tetrachloride was dropwise added at 1 0°C. The mixture was stirred at room temperature for 20 
hours. Then, the reaction mixture was diluted with 500 parts of water, and then neutralized with a diluted sodium hydrox- 
ide aqueous solution. Then, the reaction mixture was extracted with ethyl acetate, the extract was concentrated and 
purified by silica gel column chromatography to give 8 parts of an acicular crystal having yellow fluorescence. The crys- 
tal was analyzed for a molecular weight to show that the crystal was Compound (1). The results of elemental analysis 
55 of the product were as shown below. 
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Results of elemental analysis As C3s H 28 N 2 


Calculated (%) C: 
Found (%) C: 


89.06. 
89.11, 


H: 5.47. 
H: 5.55. 


N: 5.47 
N: 5.34 



Method of Synthesis of Compound (6) 

25 Parts of 9.10-dibromoanthracene. 100 parts of 4,4-di-n-octyldiphenyiamine. 40 parts of potassium carbonate, 2 
parts of a copper powder and 2 parts of copper (I) chloride were added to 80 parts of nitrobenzene, and the mixture 
was stirred under heat at 210°C for 30 hours. Then, the reaction mixture was diluted with 500 parts of water, and then 
the mixture was extracted with chloroform. A chloroform layer was concentrated, purified by silica gel column chroma- 
tography and re-precipitated in n-bexane to give 28 parts of a powder having yellow fluorescence. The powder was ana- 
lyzed for a molecular weight to show that the powder was Compound (6). The results of elemental analysis of the 
product were as shown below. 



Results of elemental analysis As C70H92N2 


Calculated (%) 
Found (%) 


C: 87.50. 
C: 87.52. 


H: 9.58. 
H: 9.53. 


N:2.92 
N: 2.95 



Method of Synthesis of Compound (23) 

15 Parts of 9.10-diiodoanthracene. 27 parts of 4.4-diisopropyi(2-phenyl)diphenylamine. 12 parts of potassium car- 
bonate and 0.8 parts of a copper powder were placed in a f lask. and the mixture was stirred under heat at 200°C for 30 
hours. Then, the reaction mixture was diluted with 500 parts of water, and then the mixture was extracted with chloro- 
form. A chloroform layer was concentrated, purified by silica gel column chromatography and re-precipitated in n-hex- 
ane to give 18 parts of a powder having yellow fluorescence. The powder was analyzed for a molecular weight to show 
that the powder was Compound (23). The results of elemental analysis of the product were as shown below. 



Results of elemental analysis As C^Heelvk 



Calculated (%) 


C: 90.24, 


H: 6.91, 


N:2.85 


Found (%) 


C: 90.59, 


H: 6.81. 


N: 2.60 



Method of Synthesis of Compound (33) 

12 Parts of 9.10-diiodoanthracene, 25 parts of 1-naphthyl-phenylamine, 20 parts of potassium carbonate and 0.6 
parts of a copper powder were placed in a flask, and the mixture was stirred under heat at 200°C for 30 hours. Then, 
the reaction mixture was diluted with 600 parts of water, and then the mixture was extracted with chloroform. A chloro- 
form layer was concentrated, purified by silica gel column chromatography and recrystallized from n-hexane to give 27 
parts of an acicular crystal having yellow fluorescence. The crystal was analyzed for a molecular weight to show that 
the crystal was Compound (33). The results of elemental analysis of the product were as shown below. 



Results of elemental analysis As C4 6 H 3 2N 2 



Calculated (%) 


C: 90.20. 


H: 5.23. 


N: 4.57 


Found (%) 


C: 90.39. 


H: 5.31, 


N: 4.30 
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Example 1 

Compound (3) shown in Table 1 , 2,5-bis(1-naphthyl)-1,3.4-oxadiazole and a polycarbonate resin ("Panlite K-1300\ 
supplied by Teijin Kasei) in an amount ratio of 5/3/2 were dissolved in tetrahydrofuran. and the resultant solution was 
spin-coated on a cleaned glass plate with an ITO electrode to form a light-emitting layer having a thickness of 100 nm. 
An electrode having a thickness of 150 nm was formed thereon from a magnesium/silver alloy having a magnesium/sil- 
ver mixing ratio of 10/1. to obtain an organic EL device. The organic EL device showed a green light emission of about 
120 (cd/m 2 ) at a direct current voltage of 5 V and a light emission efficiency of 0.70 (InVW). 

The above organic EL device was measured for a light emission brightness with a LS-100 (supplied by Minolta 
Camera Co., Ltd. The light emission efficiency r\ (Im/W) was determined on the basis of the following equation, 

il(lnVW) = it - L 0 (cd/m 2 )/P jn (W/m 2 ) 

in which is an applied power per unit area and Lq is a brightness obtained by the measurement In this case, 
a complete diffusion surface is assumed. 

Organic EL devices obtained in Examples hereinafter were also measured for brightness and determined for light 
emission efficiency in the above manner. 

Example 2 

Compound (6) shown in Table 1 was vacuum-deposited on a cleaned glass plate with an ITO electrode to form a 
hole-injecting type light-emitting layer having a thickness of 50 nm. Then, gallium bis(2-methyl-8-quinoIinate)(1-naph- 
tholate) complex was vacuum-deposited to form an electron-injecting layer having a thickness of 10 nm. An electrode 
having a thickness of 100 nm was formed thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio 
of 10/1. to obtain an organic EL device. The above hole-injecting layer and the electron-injecting layer were formed by 
vacuum deposition under a vacuum of 10" 6 Tonr at a temperature of substrate temperature. The organic EL device 
showed a green light emission of about 300 cd/m 2 at a direct current voltage of 5 V, a maximum brightness of 2,200 
cd/m 2 and a light emission efficiency of 0.90 (Im/W). 

Example 3 

Compound (6) shown in Table 1 was vacuum-deposited on a cleaned glass plate with an ITO electrode to form a 
hole-injecting type light-emitting layer having a thickness of 50 nm. Then, gallium bis(2-methyl-8-quinolinate)(1-naph- 
tholate) complex was vacuum-deposited to form an electron-injecting layer having a thickness of 10 nm. An electrode 
having a thickness of 100 nm was formed thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio 
of 1 0/1 , to obtain an organic EL device The above hole-injecting layer and the electron-injecting layer were formed by 
vacuum deposition under a vacuum of 10~ 6 Torr at a temperature of substrate temperature. The organic EL device 
showed a green light emission of about 350 cd/m 2 at a direct current voltage of 5 V, a maximum brightness of 1 1 ,000 
cd/m 2 and a light emission efficiency of 1.05 (Im/W). 

Examples 4 • 22 

Compound (A-16) shown in Table 2 was vacuum-deposited on a cleaned glass plate with an ITO electrode to form 
a hole-injecting layer having a thickness of 20 m. Then, a compound shown in the following Table 4 as a light-emitting 
material was vacuum-deposited to form a light-emitting layer having a thickness of 20 nm. Further, gallium bis(2 methyl- 
8-quinolinate)(1-phenolate) complex was vacuum-deposited to form an electron-injecting layer having a thickness of 20 
nm. An electrode having a thickness of 150 nm was formed thereon from a magnesium/silver alloy having a magne- 
sium/silver mixing ratio of 10/1, to obtain an organic EL device Each layer was formed by vacuum deposition under a 
vacuum of 10' 6 Torr at a temperature of substrate temperature Table 4 shows light emission characteristics of the so- 
obtained EL devices. The EL devices were measured for brightness at a direct current voltage of 5 V, and all of the EL 
devices showed a maximum brightness of at least 10,000 od/m 2 . As a compound of the general formula [1}, those com- 
pounds of the general formula [1] in which R 1 to R 8 were aryl groups or adjacent substituents formed aromatic rings 
had high glass transition points and high melting points and gave EL devices which showed excellent initial brightness 
and device lives when driven to emit light 
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Table 4 
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35 Example 23 

Compound (A-16) shown in Table 2 was vacuum-deposited on a cleaned glass plate with an ITO electrode to form 
a hole-injecting layer having a thickness of 20 nm, and Compound (23) as a light-emitting material, shown in Table 1, 
was vacuum-deposited thereon to form a light-emitting layer having a thickness of 20 nm. Then, 2,5-bis(1 -naphthyl)- 
40 1 ,3,4-oxadiazole was vacuum-deposited to form an electron-injecting layer having a thickness of 20 nm. An electrode ) 
having a thickness of 1 50 nm was formed thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio 
of 10/1 , to obtain an organic EL device. The organic EL device shewed a green light emission of 770 cd/m 2 at a direct 
current voltage of 5 V. a maximum brightness of 27,000 cd/m 2 and a light emission efficiency of 1.80 (InVW). 

45 Example 24 

An organic EL device was obtained in the same manner as in Example 23 except that a 5 nm thick hole-injecting 
layer of metal-free phthalocyanine was formed between the ITO electrode and the compound (A-16). The organic EL 
device showed a green light emission of 1 ,200 cd/m 2 at a direct current voltage of 5 V, a maximum brightness of 29,000 
so cd/m 2 and a light emission efficiency of 1 .70 (Im/W). When compared with the organic EL device obtained in Example 
23, the organic EL device obtained in Example 24 showed a high brightness on a low voltage side. 

Example 25 

55 An organic EL device was obtained in the same manner as in Example 23 except that the hole-injecting layer of 
Compound (A-16) was replaced with a 20 nm thick hole-injecting layer of metal-free phthalocyanine. The organic EL 
device showed a green light emission of 650 cd/m 2 at a direct current voltage of 5 V, a maximum brightness of 15,000 
cd/m 2 and a light emission efficiency of 1.30 (Im/W). 
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Example 26 

An organic EL device was obtained in the same manner as in Example 1 1 except that the 20 nm thick light-emitting 
layer of Compound (23) was replaced with a 1 0 nm thick light-emitting layer formed by vapor-depositing Compound (23) 
5 and Compound (C-4) shown in Table 6 in a Compound (23)/Compound (C-4) weight ratio of 100/1. The organic EL 
device shewed a green light emission of 700 cd/m 2 at a direct current voltage of 5 V, a maximum brightness of 35,000 
cd/m 2 and a light emission efficiency of 2.70 (Im/W). 

Example 27 

10 

An organic EL device was obtained in the same manner as in Example 1 1 except that the 20 nm thick light-emitting 
layer of Compound (23) was replaced with a 10 nm thick light-emitting layer formed by vapor-depositing Compound (23) 
and the following compound in a Compound (23)/the following compound weight ratio of 100/1. The organic EL device 
showed an orange light emission of 500 cd/m 2 at a direct current voltage of 5 V, a maximum brightness of 1 8.000 cd/m 2 
75 and a light emission efficiency of 1.65 (Im/W). 



25 



30 




35 

Example 28 

Compound (3) shown in Table 1 as a light-emitting material, 2,5-bis(l-naphthyl)-1,3,4-oxadiazole and a polycar- 
bonate resin ("Panlite K-1300", supplied by Teijin Kasei) in an amount ratio of 5/3/2 were dissolved in tetrahydrofuran, 
and the resultant solution was spin-coated on a cleaned glass plate with an ITO electrode to form a light-emitting layer 
having a thickness of 1 00 nm. An electrode having a thickness of 1 50 nm was formed thereon from a magnesium/silver 
alloy having a magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. The organic EL device showed a 
green light emission of about 120 (cd/m 2 ) at a direct current voltage of 5 V, a maximum brightness of 1,200 (cd/m 2 ) and 
a light emission efficiency of 0.70 (Im/W). 

Example 29 

Compound (6) shown in Table 1 was vacuum-deposited on a cleaned glass plate with an ITO electrode to form a 
light-emitting layer having a thickness of 100 nm. An electrode having a thickness of 100 nm was formed thereon from 
so a magnesium/silver alloy having a magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. The above 
electron-injecting layer was formed by vacuum deposition under a vacuum of 10" 6 Torr at a temperature of substrate 
temperature. The organic EL device showed a green light emission of 400 cd/m 2 at a direct current voltage of 5 V, a 
maximum brightness of 1 ,200 cd/m 2 and a light emission efficiency of 0.50 (Im/W). 

55 Example 30 

Compound (6) shown in Table 1 was vacuum-deposited on a cleaned glass plate with an ITO electrode to form a 
hole-injecting light-emitting layer having a thickness of 50 nm. Then, Compound (B-10) shown in Table 3 was vacuum- 
deposited to form an electron-injecting layer having a thickness of 10 nm. An electrode having a thickness of 100 nm 



) 40 
45 
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was formed thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio of 10/1 , to obtain an organic 
EL device. The above hole-injecting layer and the electron-injecting layer were formed by vacuum deposition under a 
vacuum of 10' 6 Torr at a temperature of substrate temperature. The organic EL device showed a green light emission 
of about 300 cd/m 2 at a direct current voltage of 5 V, a maximum brightness of 2,200 cd/m 2 and a light emission effi- 
ciency of 0.90 (!m/W). 

Example 31 

Compound (6) shown in Table 1 was vacuum-deposited on a cleaned glass plate with an ITO electrode to form a 
hole-injecting light-emitting layer having a thickness of and 50 nm. Then, Compound (B-10) shown in Table 3 was vac- 
uum-deposited to form an electron-injecting layer having a thickness of 10 nm. An electrode having a thickness of 1 00 
nm was formed thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio of 10/1. to obtain an 
organic EL device. The above hole-injecting layer and the electron-injecting layer were formed by vacuum deposition 
under a vacuum of 10" 6 Torr at a temperature of substrate temperature. The organic EL device showed a green light 
emission of about 350 cd/m 2 at a direct current voltage of 5 V, a maximum brightness of 1 1 .000 cd/m 2 and a light emis- 
sion efficiency of 1.05 (Im/vV). 

Examples 32-74 

TVrroleHnjectingTrlat^ 

shown in Table 5 to form a hole-injecting layer having a thickness of 30 m. Then, a light-emitting material was vacuum- 
deposited to form a light-emitting layer having a thickness of 30 nm. Further, an electron-injecting material was vacuum- 
deposited to form an electron-injecting layer having a thickness of 30 nm. An electrode having a thickness of 150 nm 
was formed thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio of 10/1 , to obtain an organic 
EL device. Each layer was formed by vacuum deposition under a vacuum of 1 0" 6 Torr at a temperature of substrate tem- 
perature. Table 5 shows light emission characteristics of the so-obtained EL devices. The EL devices were measured 
for brightness at a direct current voltage of 5 V, and all of the EL devices had high-brightness characteristics, as high as 
a maximum brightness of at least 10,000 cd/m 2 . The compounds of the general formula [1] to [5] gave EL devices which 
showed excellent initial brightness and device lives when driven to emit light. Further, in the layer structure of the 
organic EL device, those EL devices which used a combination of any one of the light-emitting materials of the general 
formulae [1] to [5] with the hole-injecting material of the general formula [6] and the electron-injecting material of the 
general formula [7] showed the most excellent characteristics. 
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Hole- 


Light- 


Electron- 


Light 


Maximum 


Maximum 






inject- 


emitting 


inject- 


emission 


bright- 


light 






ing 


material 


ing layer 


brightness 


ness 


emission 


10 




material 






(cd/m 2 ) 


(cd/ra 2 ) 


efficiency 














(lm/W) 




32 


(A-2) 


(1) 


(B-3) 


250 


10,200 


0.65 




33 


(A-8) 


(1) 


(B-3) 


430 


16,100 


1.5 


15 


34 


(A-10) 


(1) 


(B-3) 


400 


15,000 


1.4 




35 


(A-ll) 


(1) 


(B-3) 


430 


15,500 


1.6 




36 


(A-12) 


(1) 


(B-3) 


480 


16,000 


1-9 




37 


(A-13) 


(1) 


(B-3) 


520 


18,600 


2.1 


20 


38— 


~(A- 16)~ 


(D- 


(B-3) 


450 


14y000 


-l^r2— 




39 


(A-18) 


(l) 


(B-3) 


410 


15,300 


1.5 




40 


(A-13) 


(1) 


(B-ll) 


1,100 


23,000 


2.8 


25 


41 


(A-13) 


(6) 


(B-ll) 


2,300 


56,000 


4.7 


42 


(A-13) 


(10) 


(B-ll) 


1,300 


33,000 


3.1 




43 


(A-13) 


(11) 


(B-ll) 


1,000 


22,000 


2.5 




44 


(A-13) 


(13) 


(B-ll) 


2,200 


32,000 


2.5 


30 


45 


(A-13) 


(14) 


(B-ll) 


3,000 


58,000 


4.3 




46 


(A-13) 


(18) 


(B-ll) 


3,500 


78,000 


5.1 




47 


(A-13) 


(22) 


(B-ll) 


3,500 


69,000 


5.0 




48 


(A-13) 


(23) 


(B-rll) 


5,100 


110,000 


12 


35 


49 


(A-13) 


(24) 


(B-ll) 


5,000 


100,000 


10 




50 


(A-13) 


(25) 


(B-ll) 


5,600 


125,000 


10 




51 


(A-13) 


(26) 


(B-ll) 


4,800 


78,000 


8.2 


40 


52 


(A-13) 


(32) 


(B-ll) 


3,800 


58,000 


7.3 ! 


53 


(A-13) 


(33) 


(B-ll) 


3,200 


51,000 


5.8 




54 


(A-13) 


(34) 


(B-ll) 


3,700 


63,000 


5.7 




55 


(A-13) 


(36) 


(B-ll) 


3,100 


45,000 


4.4 


45 


56 


(A-13) 


(37) 


(B-ll) 


3,600 


48,000 


5.3 




57 


(A-13) 


(39) 


(B-ll) 


2,500 


39,000 


3.8 




58 


(A-13) 


(40) 


(B-ll) 


2,300 


33,000 


3.8 




59 


(A-13) 


(43) 


(B-ll) 


2,100 


34,000 


3.5 



so 

Light emission brightness = brightness at a direct 
current voltage of 5 (V). 
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Table 5 (continued) 



Ex. 


Hole- 
inject- 
ing 

material 


Light- 
emitting 
material 


Electron- 
inject- 
ing layer 


Light 
emission 
brightness 
(cd/m 2 ) 


Maximum 
bright- 
ness 
(cd/nr ) 


Maximum 
light 
emission 
efficiency 
( lin/W) 


60 


(A-13) 


(23) 


(B-l) 


2, 200 


29,000 


3.1 


61 


(A- 13) 


(23) 


(B-4) 


1, 460 


15,000 


1.9 


62 


(A-13) 


(23) 


<B-5) 


l f 800 ! 


19,000 


2.4 


63 


(A-13) 


(23) 


(B-6) 


1,600 


18,500 


2.2 


64 


(A-13) 


(23) 


(B-10) 


2,220 


21,000 


3.1 


-65— 


_(A-13)_ 


(23)__ 


_< B=12 )- _ 


.4,800 


_89,000_ 


8.0 


66 


(A-13) 


(23) 


(B-13) 


4,500 


77 , 000 


7.7 


67 


(A-13) 


(23) 


(B-15) 


3,900 


65,300 


7.3 


68 


(A-13) 


(23) 


(B-16) 


3,700 


33,000 


4.1 


69 


(A-13) 


(23) 


! (B-21) 


2,100 


20,000 


3.2 


70 


(A-13) 


(23) 


(B-22) 


2,500 


21,000 


3.1 


71 


(A-13) 


(23) 


(B-23) 


2,800 


22,000 


2.5 


72 


(A-13) 


(23) 


(B-24) 


2,400 


23,000 


2.4 


73 


(A-12) 


(23) 


1 (B-ll) 


5,000 


108,000 


11 


74 


(A-8) 


(14) 


! (B-ll) 


4,500 


71,000 


6.9 



Light emission brightness = brightness at a direct 



current voltage of 5 (V). 



Example 75 

A hole-injecting material (A-4) was vacuum-deposited on a cleaned glass plate with an ITO electrode to form a 
hole-injecting layer having a thickness of 30 nm. Then, a hole-injecting material (A-13) was vacuum-deposited to form 
a second hole-injecting layer having a thickness of 10 nm. Then. Compound (24) as a light-emitting material was vac- 
uum-deposited to form a light-emitting layer having a thickness of 30 nm. Further, an electron-injecting material (B-12) 
was vacuum-deposited to form an electron-injecting layer having a thickness of 30 nm. An electrode having a thickness 
of 150 nm was formed thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio of 10/1 , to obtain 
an organic EL device. The organic EL device showed a green light emission of 1 ,100 cd/m 2 at a direct current voltage 
of 5 V, a maximum brightness of 87,000 cd/m 2 and a light emission efficiency of 9.3 (Im/W). 

Example 76 

A hole-injecting material (A-16) was vacuum-deposited on a cleaned glass plate with an ITO electrode to form a 
hole-injecting layer having a thickness of 20 nm. Then, Compound (23) as a light-emitting material was vacuum-depos- 
ited to form a light-emitting layer having a thickness of 20 nm. Further. Compound (B-23) as an electron-injecting mate- 
rial was vacuum-deposited to form an electron-injecting layer having a thickness of 20 nm. An electrode having a 
thickness of 1 50 nm was formed thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio of 1 0/1 , 
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to obtain an organic EL device. The organic EL device showed a green light emission of 770 cd/m 2 at a direct current 
voltage of 5 V, a maximum brightness of 27,000 cd/m 2 and a light emission efficiency of 1.8 (Im/W). 

Example 77 

5 

An organic EL device was obtained in the same manner as in Example 75 except that a 5 nm thick hole-injecting 
layer of metal-free phthalocyanine was formed between the ITO electrode and Compound (A-16). The organic EL 
device showed a green light emission of 1 ,200 cd/m 2 at a direct current voltage of 5 V. a maximum brightness of 29,000 
cd/m 2 and a fight emission efficiency of 1.70 (InVW). 

10 

Example 78 

An organic EL device was obtained in the same manner as in Example 75 except that the hole-injecting layer of 
Compound (A-16) was replaced with a 20 nm thick hole-injecting layer of metal-free phthalocyanine. The organic EL 
75 device showed a green light emission of 650 cd/m 2 at a direct current voltage of 5 V, a maximum brightness of 15,000 
cd/m 2 and a fight emission efficiency of 1.30 (InVW). 

Examples 79 - 80 

20 -An organic ELdevice was obtained in the same manner as in Example-75 except that the light-emitting layer was 
replaced with a 20 nm thick light-emitting layer formed by vapor-depositing Compound (23) and a compound shown in 
the following Table 6. Table 7 shows light emission characteristics of the so-obtained organic EL devices. The organic 
EL devices were measured for brightness at a direct current voltage of 5 V, and each organic EL device had high-bright- 
ness characteristics, as high as a maximum brightness of at least 10,000 cd/m 2 and emitted an intended color. 

25 
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Table 6 (continued) 
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Table 7 



Example 


Dopant in Table 6 


Light emission 
brightness (od/m 2 ) 


Maximum bright- 
ness (od/m*) 


Maximum light 
emission effi- 
ciency (Im/W) 


Color of emit- 
ted light 


79 




1,000 


28,000 


2.7 


Green 






850 


25,000 


2.7 


Green 


81 


1^ *jj 


900 


28,000 


2.6 


Green 


82 


(C-4) 


700 


35.000 


2.7 


Green 


83 


(C-5) 


600 


21.000 


3.1 


Green 


84 


(C-6) 


500 


22,000 


3.0 


Green 


85 


(C-7) 


1.100 


36.000 


4.1 


Orange 


86 


(C-8) 


1.500 


38.000 


4.0 


Red 


87 


(C-9) 


900 


30,000 


3.7 


Blue 


88 


(C-10) 


1.100 


31.000 


3.5 


Yellow 



The organic EL devices obtained in the above Examples showed a light emission brightness of at least 10.000 

25 cd/m 2 and high light emission efficiency. When the organic EL devices obtained in the above Examples were allowed 
to continuously emit light at 3 mA/cm 2 , all the organic EL devices emitted light stably for more than 1.000 hours and 
showed almost no dark spots, while the light emission brightness (above 1 00 cd/m 2 ) of conventional organic EL devices 
ecreased to 1/2 or less of the initial brightness within 500 hours. Further, the comparative organic EL devices showed 
many dark spots, and the number of dark spots increased, and the sizes thereof increased, with the passage of light 

30 emission time. Since the light-emitting materials of the present invention have a remarkably high fluorescence quantum 
effect, the organic EL devices using these light-emitting materials were able to emit light having high brightness in a 
range where a low voltage was applied. Further, when the dopant was used in light-emitting layers in combination with 
the compounds of the general formulae [1] to [5], the organic EL devices were improved in maximum light emission 
brightness and maximum light emission efficiency. Further, when the dopant for the red or blue light emission was 

35 added to the compounds of the general formulae [1] to [5] for the light emission of bluish green, green or yellow, the 
organic EL devices emitted red or blue light 

The organic EL device of the present invention is intended to achieve improvements in light emission efficiency and 
light emission brightness and an increase in device life, and is not to impose any limitation on other light-emitting mate- 
rial, dopant, hole-injecting or hole-transporting material, electron-injecting or electron-transporting material, sensitizer, 

40 resin, electrode material, and the like which are used in combination with the compounds of the present invention, nor 
is it to impose any limitation on the method of the production thereof. 

The organic EL device for which any one of the light-emitting materials of the present invention is applied emits light 
having a high brightness with high light emission efficiency, and achieves a long devices life, as compared with conven- 
tional devices. Therefore, the organic EL device which has at least one layer formed of any one of the light-emitting 

45 material of the present invention and has a device constitution according to the present invention shows a high bright- 
ness, high light emission efficiency and a long device life. Throughout this specification, it shall be understood that: 

Alky I groups may be straight or branched and may in general contain from 1 to 20. preferably 1 to 10, more prefer- 
ably 1 to 8, for example 1 to 6 carbon atoms. Substituted alkyl groups include haloalkyl, for example chtoro- and f luoro- 
alkyl groups which may comprise one or more halogen substituents. Substituted alkyl groups also include aryl substi- 

so tuted alkyl groups containing one or more aryl substituents. Such groups include aralkyl groups such as benzyl and 
phenethyl. 

Alkoxy groups may be straight or branched and may in general contain from 1 to 20. preferably 1 to 10, more pref- 
erably 1 to 8, for example 1 to 6 carbon atoms. Substituted alkoxy groups include halogen-substituted and aryl- substi- 
tuted alkoxy groups. Halo-substituted alkoxy includes f luoro- and chloro- substituted alkoxy and may comprise one or 
55 more halogen substituents. Aryl-substituted alkoxy may comprise one or more aryl substituents. 

Aryl groups may be unsubstituted or substituted by one or more substituents, such as an alkyl or haloalkyl group 
or a halogen atom. 

Amino groups maybe unsubstituted or substituted. Substituted amino include secondary alkylamino and arylamino 
groups and tertiary dialkylamino, alkylarylamino and diarylamino groups. 
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Claims 

1 . A light-emitting compound of general formula [1] 




wherein A 1 to A 4 are the same or different and each is a substituted or unsubstituted aryl group having 6 to 
16 carbon atoms, R 1 to R 8 are the same or different and each is a hydrogen atom, a halogen atom, a substituted 
or unsubstituted alky) group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted aryl group 
or a substituted or unsubstituted amino group, wherein adjacent substitutents optionally form an aryl ring together. 

2. A compound according to claim 1 which is of general formula [2] 




wherein R 1 to R 28 are the same or different and each is a hydrogen atom, a halogen atom, a substituted or 
unsubstituted alky! group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted aryl group or 
a substituted or unsubstituted amino group, and wherein adjacent substitutents selected from R 1 to R 4 or R 5 to R 8 
optionally form an aryl ring together. 

3. A compound according to claim 1 of general formula [3] 
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wherein R 1 to R B and R 29 to R 48 are the same or different and each is a hydrogen atom, a halogen atom, a substi- 
tuted or unsubslituted alkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted aryl 
group or a substituted or unsubstituted amino group, and X 1 to X 4 are the same or different and each is O, S, C=0, 
S0 2 . (CH2)x-0-(CH 2 ) Y a substituted or unsubstituted afkylene group or a substituted or unsubstituted aiicyclic res- 
idue, provided that each of x and y are not both 0, and wherein adjacent substitutents selected from R 1 to R 4 or R 5 
to R 8 optionally form an aryl ring together. 

A compound according to claim 3 general formula [4] 




wherein the symbol R 1 to R 8 , R 29 to R 48 and X 1 to X 4 are as defined in daim 3. 
A compound of general formula [5] 
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wherein each of R 1 to R 8 and R 29 to R 48 are as defined in claim 3 and each of Y 1 to Y 8 , which may be the 
25 same or different, is a substituted or unsubstituted alkyl group having 1 to 20 carbon atoms or a substituted or 
unsubstituted aryl group having 6 to 16 carbon atoms. 

6. Use of a compound according to any one of claims 1 to 5 as a light-emitting material in a organic electrolumines- 
cence device. 

30 

7. An organic electroluminescence device comprising a light-emitting layer or a plurality of thin organic compound lay- 
ers including a light-emitting layer between a pair of electrodes which are an anode and a cathode, wherein the 
light-emitting layer comprises, as light-emitting material, a compound according to any one of claims 1 to 5. 

35 8. A device according to claim 7, which comprises an organic compound layer between the light-emitting layer and the 
anode, which organic compound layer comprises an aromatic tertiary amine derivative or a phthalocyanine deriv- 
ative. 

9. A device according to claim 8, wherein the aromatic tertiary amine derivative is of general formula [6]. 

40 

B 2 B 3 

\ / 

45 N-Z-N [6] 

/ \ 
B 1 B 4 

50 

wherein each of B 1 to B 4 , which may be the same or different, is a substituted or unsubstituted aryl group 
having 6 to 16 carbon atoms, and Z is a substituted or unsubstituted arylene group. 

55 1 0. A device according to any one of claims 7 to 9 which comprises an organic compound layer between the light-emit- 
ting layer and the cathode, which organic compound layer comprises a metal complex compound or a nitrogen-con- 
taining five-membered derivative. 

11. A device according to claim 10, wherein the metal complex compound is of general formula [7], 
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Q 1 



Ga-L 



[7] 



Q 1 




wherein each of Q 1 and Q 2 , which may be the same or different, is a substituted or unsubst'rtuted hydroxy- 
quinoline derivative or a substituted or unsubstituted hydroxybenzoquinoline derivative, and L is a ligand which is 
halogen atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted cycioalkyl group, a substi- 
tuted or unsubstituted aryl or heteroaryl group containing a nitrogen atom, -OR in which R is a hydrogen atom, a 
substituted or unsubstituted aryl or heteroaryl group containing a nitrogen atom, or in which L is -O-Ga-Q^Q 4 ) in 
which Q 3 and Q 4 , which may be the same or different, are as defined for Q 1 and Q 2 above. 
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